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ABSTRACT OF THE DISCLOSURE 
An alarm printer to be used with local, proprietary, 

and remote ?re alarm and security systems. The alarm 
printer receives pulse coded serial information from elec 
tro-rnechanical transmitters on three channels of differing 
priority. The alarm printer electronically decodes the pulse 
coded information and prints it in clear written form. The 
contents of the printout shows the transmitter type (?re, 
water?ow, security, etc.) of an event, the condition of the 
event (alarm, trouble, restoration, etc.) the zone identi? 
cation code, the time and the date when the information is 
received and printed. Three isolated contacts, an alarm 
contact, a trouble contact and a watchman contact deliver 
the coded pulses to the alarm printer. The input signals 
from these three channels pass through a priority detector 
to be decoded; and if more than one channel is receiving 
data, only the one of highest priority is accepted for decod 
ing and printing. Solid state circuitry decodes the pulses 
and this information, taken together with the number of 
“rounds,” is utilized to set up the print wheels and print 
out the proper infonnation. 

BACKGROUND OF THE INVENTION 

The ?eld of the invention is alarm printers. Transmit 
ting many signals over a minimum number of wires allows 
great wiring economies. In the electrical protection indus 
try this is most commonly accomplished with coded trans 
mitters and receivers which send electrical pulses from 
one location to another. Interpreting these pulses has al 
ways been a problem. An important consideration in any 
protection system is to provide a means of recording sys 
tem operation. Coded proprietary and local alarm systems 
as well as watchman’s tour systems require a means of 
receiving and recording all coded signals coming into the 
local ?re alarm panel. These signals are received in the 
form of electrical pulse codes and recorded with the 
alarm printer for permanent record. 

There are alarm recorders in the art which cut holes 
in paper and thus use a punch-tape type of recording. 
This provides a permanent record, but it must be translated 
by human means to determine the information. Alarm, 
trouble, and restoration signals received must be dis 
tinguished by the number of rounds of coded signals which 
must be read from the punched tape. Attempts have been 
made in the past to improve upon this type of recording 
and an example is shown in the US. Patent 2,164,324. 

SUMMARY OF THE INVENTION 

An alarm printer having an improved (solid state) 
decoder for interpreting and converting the intelligence re 
ceived from pulse coded serial information and the num 
ber of rounds of code received, and printing the required 
data in clear written form, i.e., in English words and 
numerical values. 

BRIEF DESCRIPTION OF THE DRAWING 

FIGURE 1 is a basic block diagram presentation of the 
alarm printer; 
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FIGURE 2 is a more detailed block diagram of the 

alarm printer; 
FIGURE 3 describes how FIGURES 3a through 3i 

are to be assembled relative to one another to form a com 
plete schematic; 
FIGURES 3a through 311' form a complete schematic 

diagram of the printer and decoder disclosed in block 
diagram form in FIGURES 1 and 2; 
FIGURE 4 shows a typical complete alarm system for 

which the alarm printer is particularly adapted; 
FIGURES 5a, b, and 0 show a typical coded ‘transmitter 

code wheel, the electrical pulses resulting from a trans 
mission, and a sample printout of the coded message; 
FIGURES 6 to 9 disclose several logic elements in sym 

bolic form as used in FIGURE 3; 
FIGURE 6 shows a two-input nand gate; 
FIGURE 7 shows a two-input nor gate; 
FIGURE 8 shows an expandable gate; 
FIGURE 9 shows an RS ?ip-?op; 
FIGURE 10 shows a J-K ?ip-?op; and 
FIGURE 11 shows various waveforms concerned with 

operation of the printer. 

DESCRIPTION 

An important consideration in any protection system is 
to provide means of recording system operation. The prime 
purpose of the present invention is to provide this func 
tion. Coded proprietary and local alarm systems as well 
as watchman’s tour systems require a means of receiving 
and recording all coded signals coming into a local ?re 
alarm panel. These signals are received in the form of 
an electrical pulse code and recorded by the alarm printer 
for permanent record. ~ 
Many alarm recorders used in the past are a punch 

tape type recorder. This provides a permanent record, but 
it must be translated by human means from the punch 
state to determine the zone code. Alarm, trouble, and 
restoration signal which are received must be distinguished 
by the number of rounds of coded signals which must be 
read from such punched tape. If two or more signals 
such as alarm and restoration, are received simultaneous 
ly, it becomes dif?cult, if not impossible, to separate 
and translate the coding on punched tape. 
The present apparatus receives the coded signal, in 

terprets the type of transmitter, and prints out the type 
of alarm in words, transmitter location, month, day, year, 
and time of day. Thus, there is no need to count the holes 
in a punched tape to determine the type of transmitter and 
therefore is eliminated the possibility of error in the in 
terpretation. Fire and water?ow alarm signals are printed 
out immediately after each round of code so that no de 
lay is encountered. The “type” and “condition” of the 
alarm is printed in words (?re alarm, ?ow alarm) so that 
no time is lost in counting punches and counting rounds 
of code in the tape and interpreting their meaning. 

Trouble signals, supervisory signals, security signals, 
restoration signals, and emergency signals are printed out 
once after the proper number of rounds of code are com_ 
pleted. The alarm printer receives a coded signal and 
counts the rounds of the code and then prints out the 
identi?cation in words together with the zone in digits 
together with the date and time. 
Watchman’s tour stations provide a single round of 

coded signal and are therefore printed out once on each 
code transmission. 
FIGURE 4 shows a :block diagram of a typical alarm 

system with which the printer is used. It may be seen 
that a number of condition responsive coded transmitters 
(‘for example, ?re boxes, water?ow, valve supervision, se 
curity), feed signals to a local ?re alarm panel receiver 
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where the signals may be directed to a ?rst or second 
channel priority and decoded by the alarm printer. The 
alarm printer is programmed to give ?re and water?ow 
alarm priority over any other signal. Supervisory abnor 
mal signals, security signals, emergency signals, and res 
toration signals have priority over watchman’s tour sig 
nal. Therefore, if two or more signals happen to come 
in at the same time, the signals with the highest priority 
will be printed out. In ‘other words, any coded trans 
mission being received on the second or third priority 
level will be cancelled if a simultaneous transmission is 
received on the ?rst priority level. 

BASIC BLOCK DIAGRAM 

In the present apparatus the coded signal messages 
that are received may consist of one or more rounds of 
coded pulses and each round consists of successive groups 
of pulses. Each of the successive groups of pulses provides 
intelligence to a separate function of the printer, i.e., 
the ?rst group provides reset, the second group identi?es 
the “type” of transmitter and advances the type wheel 
of the printer, and the following groups identify the trans 
mitter location. In the decoder apparatus selector means 
(priority detector, coincidence switch 1, relay driver, 
group timer, shift counter) receives the coded message and 
selectively assigns the successive groups of pulses to the 
separate functions of the printer. Round counting means 
of the decoder store the number of rounds counted while 
transmitter type counting means stores the number of 
pulses in the transmitter type group. Then at the end of the 
message to deliver the ?nal intelligence to the printer 
(identifying the “condition” function), the decoder matrix 
combines the output from the round counter and from the 
type counter to generate 1a matrix output indicative of the 
particular combination. 

Turning now to the :basic block diagram of the alarm 
printer of FIGURE 1, three isolated contacts, an alarm 
contact, a trouble contact, and a watchman’s tour con 
tact are operated by means not shown to deliver the coded 
input data. 
The input from the three channels passes through the 

priority detector to be decoded. If more than one channel 
is simultaneously receiving data, only the one of the 
highest priority passes through the priority detector into 
the printer, The transmitter type data of the message is 
fed directly into the printer and is also stored in the 
transmitter type storage. In the same manner the zone 
code is entered directly into the printer. . 

In order to determine the “condition” the ‘alarm printer 
must wait until the complete number of rounds is re 
ceived. The rounds are stored in the round storage. After 
the last round is completed, the combination of trans 
mitter type pulses and the number of rounds determines 
the “condition” signal. This determination is made in the 
decoder matrix. 
The decoder matrix sets a counter; and after the dis 

play command is given, the counter enters the stored 
number of pulses into the printer. As the printer re 
ceives the condition pulses, the information is com) 
pleted and printout is accomplished. 

DETAILED BLOCK DIAGRAM 

Turning now to the more detailed block diagram of 
FIGURE 2, it may be seen that the three isolated con 
tacts of alarm, trouble, and watchman transmit the code 
pulses to a relay interface and a logic interface. The relay 
interface provides double-throw contacts to properly 
match the various transmitter contacts into the printer 
system. Because of unwanted contact bounce occurring 
in mechanical switch cont-acts when the switch is closed, 
the logic interface is used which comprises three input 
?ip-?ops, one ‘for each contact, to clean-up the signal and 
convert the multiple pulses resulting from contact bounce 
at the relay interface into a single pulse which will not 
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4 
confuse the decoder, The incoming signals then pass 
through a priority detector which has been discussed 
above. In the case of information arriving on the alarm 
or trouble channels, the ?rst pulse received will reset the 
printer, the logic, the group timer, the round timer, and 
the display timer. 
The second group of pulses, which contains the trans 

miter type identi?cation, is fed through the coincidence 
switch into the type counter and also through the relay 
driver into the printer. 

Between pulse group 2 and pulse group 3, the group 
timer delivers an output pulse into the shift counter and 
advances the shift counter from count zero to count one. 
The shift counter controls the coincidence switch which 
shifts the information and opens the channel ‘for zone 
identi?cation code 1. The complete group 3 will be trans 
mitted through this channel and be fed through the relay 
driver to the printer. Between groups 3 and 4 the group 
timer delivers another pulse and advances the counter 
and coincidence switch ‘from count 1 to count 2 so that 
the coincidence switch shifts the information ‘and opens 
the next channel for zone identi?cation code 2. The same 
procedure repeats for code groups 5, 6, and 7. 

After the last pulse of the last zone identi?cation code 
is completed, the round timer indicates the end of a 
round. This pulse advances the round counter ‘from 
count zero to count one and also inhibits the group timer 
from operating if a second round appears. At the end 
of each round, the round timer will feed a pulse to the 
round counter to ‘be stored. The stored information of the 
type counter and the round counter are decoded by 
the decoder matrix which determines the “condition” 
to be printed out. 
The end of the transmitter message is determined by 

the display or end-of-message timer which measures the 
time since the last round and determines that the time 
has exceeded the time between rounds. The display timer 
is reset by the first pulse of each round. As the display 
timer determines that the last round has been received, 
the command to print is given. The display command 
signal provides an enable signal to the condition counter 
and a start signal to the synchronizer. The synchronizer 
pulses are counted by the condition counter and fed to 
the printer. The synchronizer pulses are counted by the 
condition counter and when this count equals the value 
set into the coincidence switch from the decoder matrix, 
the counter is stopped and the printout starts. After the 
printout occurs, the paper advances to make the last print 
visible in the viewing window of the printer, and the 
printer and the logic reset. 

While information coming in on the trouble channel 
is printed only at the completion of all the rounds, the 
display time selector is sensitive to signals arriving on 
the‘ alarm channel and watchman channel and provides 
a signal to the display command switching to cause a 
printout at the end of each round. 

LOGIC SYMBOLS 

Several logic symbols are shown in the various sche 
matics and will ‘be described below. The nand/nor gates 
used in the printer are of the DTL (Diode Transistor 
Logic) type. The nand gate is shown in FIGURE 6‘ and 
the nor gate is shown in FIGURE 7.. These gates may be 
two-input gates, three-input gates, or four-input gates. 
The nand function can be realized in positive logic. 

This means invthe case of two input gates, that input A 
and input B have to be a “logical 1” (or high, or positive) 
in order to cause a change at output F to be “logical 0” 
(or low, or ground). The inputs were previously assumed 
to be at ground potential. 
The nor function can be realized in negative logic. 

This means in the case of the two-input gates, the input 
A or input B (either one or both) have to be a “logical 



3,466,605 
5 

0” in order to cause a change of output F to a “logical 
1.” The inputs were previously assumed to be at a posi 
tive potential. 
Where a gate with more than four inputs is needed, 

the four-input expandable nand/nor gate is used. This 
gate is shown schematically in FIGURE 8. Each addi 
tional input is generated by tying a diode to the expander 
node E. 
The negator is also represented as shown in FIGURE 

7, and it inverts the output signal of outer logic elements. 
This is accomplished by using a two-input gate and tying 
the unused input terminal to the positive potential. 
The RS ?ip-?op (reset and set), shown in FIGURE 9, 

which is the simplest kind of flip-flop, is accomplished by 
using two-input gates and tying the output of each gate 
to one input of the other gate. This ?ip-?op is triggered 
with the negative-going slope of an input pulse (eg, the 
‘trailing edge of a positive pulse). If input S sets the ?ip 
?op to provide a “logical 1” at output Q, an input pulse 
at R resets the output Q to a “logical 0.” The output at 
Q is the converse. 
The well-known J-K ?ip-?op is used in each of the 

counters of the decoder. 
FIGURES 5a and 5b illustrate the sequence of input 

pulses to the alarm printer from a sending transmitter. 
Each pulse group is separated by one missing tooth on 
the code wheel. The serial input code to the alarm printer 
consists of up to seven pulse groups wherein the ‘function 
of these pulse groups is listed below: 
Group 1 provides a “reset” function and consists of 

at least one pulse which resets the printer and the asso 
ciated logic circuits. 
Group 2 provides the transmitter type identi?cation 

and may contain from 1 to 6 pulses e.g., ?re, supervisory, 
?ow, security, emergency, or watchman. 

Group 3 is the ?rst digit of the “zone identi?cation 
code” which indicates the location of the sending trans~ 
mitter. 
The groups 4 through 7 provide the second through 

?fth digits of the zone identi?cation code of the sending 
transmitter. 
While group 2 contains the information of the trans 

mitter “type," the “condition” is determined by count 
ing the number of rounds of information, the various con 
ditions including by way of example, alarm, trouble, 
restoration, abnormal and tour. 

INTERFACE AND PRIORITY DETECTOR 

Turning now to the schematic diagram of FIGURE 
3 and especially 3a, the single-pole, double-throw contacts 
10, 11 and 12 show in detail the relay interface which is 
used between the mechanical contacts of the input relays 
and the logic of the alarm printer. Contacts a and b 
of the double-throw switch 10 are connected by input 
terminals 13 and 14 to the inputs S and R of a logic 
interface ?ip-?op 15. The switch 10 and the ?ip-?op 15 
are in the alarm channel. The contacts a and b of double 
throw switch 11 are connected by conductors 16 and 
17 to the opposite inputs S and R of the logic interface 
flip-?op 18. The switch 11 and the ?ip-?op 18 are in the 
trouble channel. The contacts a and b of the double 
throw switch 12 are connected by conductors 20 and 21 to 
the inputs of a ?ip-?op 22. The switch 12 and ?ip-?op 
22 are in the watchman input channel. The diodes in 
the input lines 13, 14, 16, 17, 20 and 21 protect the logic 
against negative voltage in the input lines. The logic 
v?ip-flops 15, 18, and 22 are triggered by the double-throw 
contacts 10, 11, and 12, respectively, and the ?ip-?ops 
are effective to eliminate the effects of any contact bounce 
in the switch contacts. This is because after an RS ?ip 
flop has changed state in response to a pulse, additional 
trigger pulses at the same terminals do not affect the 
output. The effect of contact bounce must be eliminated 
because other logic elements in the decoder have a re 
sponse rapid enough to follow each contact bounce pulse. 
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The 75 output of ?ip-?op 15 is connected to the S input 

of automatic reset pulse generator ?ip-?op 23 by a con 
ductor 24, the 6 output also being connected to the S 
input of an alarm priority flip-?op 25, and to the D 
input of a three-input nor gate 26. The 6 output of ?ip 
?op 23 is connected through a negator 30, and a capacitor 
31, to input A of a nor gate 32, from the output of gate 
32 through a negator 33 to a reset pulse output conduc 
tor 34. 
The output Q of trouble ?ip-?op 18 is directly con~ 

nected to intput B of nand gate 35. Input A of nand gate 
35 is directly connected to the output @- of alarm priority 
?ip-?op 25 so that gate 35- inhibits any trouble‘signals 
while an alarm signal is being transmitted. The Q out 
put of watchman ?ip-?op 22 is directly connected to an 
input C of a three-input nand gate 36. Input A of the 
nand gate 36 is connected by a conductor 37 to receive 
a signal from alarm priority ?ip-?op 25 terminal 6, and 
input B of nand gate 36 is directly connected to output 
6 of a trouble priority ?ip-?op 40 so that gate 36 inhibits 
a watchman 'signal while an alarm or a trouble is being 
transmitted. Input S of trouble priority ?ip-?op 40 re 
ceives its signal from the output of nand gate 35. This 
output is also connected to input C of nor gate 26. 
A display time selector ‘41 comprises a two-input nor 

gate 42 having its input B directly connected to the out 
put -Q of trouble priority ?ip-?op 40 by a conductor 44, 
its input A connected to the output 6 of alarm priority 
?ip-?op 25, and its output connected through a negator 
43 to a conductor 53. The conductor 44 is also connected 
through a negator 45 and capacitor 46 to the input B of 
nor gate 32. 
The output of nand gate 36 is directly connected by 

a conductor 47 to the input A of nor gate 26. The nor 
gate 26 provides the main data output from the interface 
and priority detector on a conductor 50 to a round timer, 
a display timer, and a group timer which will be dis 
cussed in more detail below. The alarm priority ?ip-?op 
25 provides an output from its terminal Q on a conductor 
51 to input C of a nand gate 52 in the decoder matrix 
(‘FIGURE 3)‘). This connection delivers an enable signal 
from the alarm priority ?ip-?op to the decoder matrix. 
The output 43 of the display time selector is connected 
by a conductor 53 to input B of a nand gate 54 in the 
display command switching. 

This output from the display time selector 41 deter 
mines whether the printer prints out after each round or 
after a number of rounds of received code. 
A reset pulse is received after every round on the con 

ductor 55 and is applied to the R input of ?ip-?op 23. 
A reset pulse for the priority ?ip-?op received from the 
display timer 62 on conductor 56, passes through negator 
‘57 and then by conductor 60 to the R inputs of ?ip-?ops 
25 and 40. 

TIMERS AND SYNCHRONIZER 

FIGURE 3b discloses the details of the display timer‘ 
the round timer, the group timer, the display command 
switching and the synchronizer. The timers and the syn 
chronizer analyze the train of input pulses in all three 
input channels. The timers determine when a group is 
over, when a round is over, when a number of rounds 
constituting the message are over and gives the display 
command. The synchronizer insures that only full pulses 
are delivered to the printer and the counters. 
The main data output from the priority detector is re 

ceived on conductor 50 and is fed through a negator 6-1 
to the set inputs of the display timer 62 and the round 
timer 63. This main data signal on conductor 50 is also 
fed to input A of a nand gate 64, the output of which 
connects to the input of the group timer 65, and also 
connects to the input of coincidenec switch 1 (FIGURE 
3e) at nand gate 114a to provide the main pulse data 
to the coincidence switch for direction to the printer. 
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This group timer 65 may also be referred to as the space 
detector timer and is a timer having a period of approxi 
mately one second. The end-of-round timer 63 has a 
period of approximately two-seconds and the end-of 
message timer or display timer 62 is a l6-second timer. 
These timer periods may, of course, be changed to accom 
modate the transmitter and transmitted message charac 
teristics in use. 
The input to the group timer 65 from the nand gate 64 

connects directly to the S input of an RS ?ip-?op 66. The 
Q output of ?ip-?op 66 is connected through two diodes 
67 to one plate of timing capacitor 70, the other plate oi 
which is grounded. The ?rst plate of capacitor 70 is con 
nected by a timing resistor 71 to a source of positive 
potential. The capacitor is also connected to the emitter 
of a. unijunction transistor 72, the upper base of which 
is connected to the positive source and the lower base 
of which is connected through a resistor to ground. In 
addition, the lower base is connected to the base elec 
trode of an N-P-N transistor 73, the emitter of transistor 
73 being grounded and the collector being connected 
through a resistor to a positive potential. An output sig 
nal is taken from the group timer at the collector of tran 
sistor 73 through a conductor 74 to input A of a nor 
gate 75. Input B of the nor gate 75 receives its signal 
from the main reset to be described further below. out 
put F of the nor gate 75 transmits a signal through a 
negator 76 and a conductor 77 to the R input of the 
group timer ?ip-?op 66. A diode 80 is also connected 
from the capacitor 70' back to the input S of the group 
timer 65 so that with every negative-going pulse re 
ceived through the nand gate 64 the timing capacitor 70 
is reset toward zero through the diode 80‘. As long as 
‘there is a continuous chain of pulses, the voltage on ca 
pacitor 70 never reaches the ?ring point of unijunction 
72. As soon as there is a missing pulse, which indicates 
the end of a group, the unijunction 72 does ?re, which 
causes transistor ‘73 to conduct and provide a negative 
pulse on conductor 74 to the input of nor gate 75. The 
resulting negative-going pulse on conductor 77 resets the 
?ip-?op 66 and also a ?ip-?op 106 in the synchronizer 
96 which will be discussed below. The Q output of the 
?ip-?op 66 is connected by a conductor 81 into the shift 
counter (FIGURE 30) to provide the counter input. 
The round timer 63 is similar in construction to the 

group timer and the details of the construction will not 
be reiterated. The components of the round timer carry 
the same idenitfying numerals as used in the group timer 
but with a suf?x a. The Q output of the ?ip-?op 66a pro 
vides the ?ip-?op output on conductor 81b to the input 
of the round counter (FIGURE 3d). 
The round timer output at the collector of transistor 

73a provides a signal on the conductor 55 to reset the 
?ip-?op 23 in the priority detector. The same signal also 
provides a reset for the ?ip-?op 6601 in' the round timer 
and also provides a set input into a ?ip-?op 83. Flip-flop 
83 has a ?rst output 6 which is connected by a conductor 
84 to the B input of nand gate 64 to inhibit the introduc 
tion of further pulses into coincidence switch 1 and to 
inhibit the operation of the group timer after the ?rst 
round is completed. The Q output from the ?ip-?op 83 
is connected by a conductor 85 into the B input of a nand 
gate 86 in the display command switching 87. 
The end-of-message timer or display timer 62 is similar 

in construction to the group timer and the round timer 
and details of the elements Will not be repeated. The com 
ponents of the display timer carry the same identifying 
numerals as used in the group timer but include a suf?x b. 
The display timer output at collector of transistor 73b 

is connected by means of a conductor 90 into the display 
command switch 87 through a negator 91 into the input 
A of a nand gate 54. The collector output of transistor 
73b is also connected to the A input of a nor gate 92, the 
output of which has been previously described as con 
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8 
necting a signal by means of the conductor 56 to provide 
a reset function to the priority detector. The input B of 
nor gate 92 is connected to receive the manual reset 
signal. 
The display command switching 87 will now be de 

scribed in more detail. It has been previously mentioned 
that the output of the display time selector 41 is coupled 
into the display command switching by conductor 53 to 
the B inpu of nand gate 54. The same signal also provides 
the input through a negator 93 to input A of the nand 
gate 86. The outputs F of nand gate 54 and nand gate 
86 are connected together and to set input of the display 
command ?ip-?op 94. The 6 output of ?ip-?op 94 is con 
nected by a conductor 95 to provide a condition start 
signal into synchronizer 96 at the input of a negator 97. 
The Q output of display command ?ip-?op 94 provides 
an end-of-message output on a conductor 100‘ to the co 
incidence switch 2 (FIGURE ‘3h) at the input to a nand 
gate 101, and also provides an input into a nand gate 102 
(FIGURE 3g). 
The synchronizer 96 receives an input from a free-'v 

running 30 HZ. oscillator 103. The capacitor and negator 
104 dilferentiate the trailing edges of the positive oscillator 
pulses and feed them to the input B of nand gate 105. The 
output of the nor gate 97 is also connected to the nand 
gate 105 at input A. Output pulses from the nand gate 
are connected to the set input of the synchronizer ?ip 
?op 106. The output Q of ?ip-?op 106 is connected to the 
input A of a nand gate 107, input B of which receives the 
oscillator 103 pulses. The output of nand gate 107 is 
passed through a negator 110‘ and a conductor 111 to an 
input of the nand gate 101 in FIGURE 3h. 

SHIFT COUNTER 

Turning now to FIGURE 30 there is disclosed a ring 
counter, here used as a shift counter, which can count 
from zero to nine. The identical type counter is also used 
as the type counter and round counter (FIGURE 3d), 
and as the condition counter (FIGURE 3 f). In FIGURE 
30, where the counter is shown in detail, ?ve J-K ?ip 
?ops A, B, C, D and E are the counting elements which 
allow ten different combinations of ?ip-?op conditions. 
With input clock pulses being applied to the counter on 
conductor 81 from the output of the group timer 65, the 
counter is able to count from Zero through nine. The 
counter input on conductor 81 should normally be a logi 
cal zero. A positive input pulse is supplied from the group 
timer on the counter input 81, but the counter advances 
only at the negative-going, trailing edge of each pulse. 

It will be noted that the J-K ?ip-?op element A has 
at the left-hand, a clock input C, an input I, and an input 
K. In addition, the ?ip-?op has an input PJ and an input 

PK. The outputs are Q and Q as in the case of the RS 
?ip-?ops. This J-K ?ip-flop is a universal-type ?ip-?op 
which can act as an asynchronous ?ip-?op using inputs 
PK and PJ provided inputs I, K, and C are grounded. 
In the present situation the J-K ?ip-?op is operated syn 
chronously and terminal C is the clock input. If input 
I andinput K are a logical 1, the output state of the ?ip 
?op will always change when a clock pulse is applied. A 
reset pulse is applied to the paralleled PK inputs to reset 
the counter to zero. 
The truth table relating to the J-K ?ip-?ops is shown 

below: 
.T—K FLIP-FLOP TRUTH TABLE 

Thus, it can be seen from the truth table that if the output 
Q is presently at a state of l, and it is desired that it goes 
to 0, it will do so if input K=1 and input I is equal to 
either 0 or 1 and a clock pulse is applied to input C. It 
can also be seen from the truth table that if the output Q 
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presently is 1, and it is desired that it remains at 1 and 
and does not toggle, this will be accomplished if the input 
at K is zero. A clock pulse will now have no effect. 

In FIGURE 30 it will be seen that the Q and Q output 
of J-K ?ip-?op A are directly connected, respectively, to 
the J and K inputs of the ?ip-?op B; that the outputs of 
B are similarly connected to C; that the two outputs of 
?ip-?op C are similarly connected to the inputs of flip 
?op D; and that the outputs of ?ip-?op D are similarly 
connected to the ?ip-?op E. The output 6 of ?ip-?op 
E is directly connected by a conductor 123 and to the J 
input of ?ip-?op A. The output Q of ?ip-?op E is con 
nected by a conductor 124 to an input of a nand gate 
125, the other input of which is energized from the Q 
output of ?ip-?op D on the conductor 126. The output of 
nand gate 125 is connected through a negator 127 and a 
conductor 128 to the input K of ?ip-?op A. The purpose 
of nand gate 125 and inverter 127 is to drive the counter 
always back to the decimal counting routine if noise up 
sets the counter to a pseudo noise routine. 

Associated with the ?ve J-K ?ip-?ops are ten two 
input nand gates identi?ed as M, N, P, R, S, T, U, V, W 
and X. The outputs of the ?ip-?ops are connected to the 
nand gates as follows: Flip-?op A, output Q to N and T, 
,and output 6 to M and U; ?ip-?op B, output Q to P 
and U, output 6 to N and V; ?ip-?op C, output Q to 
R and V, output 6 to P and W; ?ip-?op D, output Q to 
S and W, output Q'to R and X; ?ip-?op E, output Q to 
T and X, output 'Qlto S and M. 
The nand gates M, N, P, R, S, T, U, V, W and X 

provide outputs, respectively, representing the numerals 
zero through nine on conductors 130 through 139. 

COINCIDENCE SWITCH 1 

In FIGURE 3e, the conductors 130 to 139 inclusive, 
form the shift counter output of FIGURE 30, are con 
nected to the A inputs, respectively, of ten nand gates 
140 through 149. The B inputs of these nand gates are 
all energized from positive 4.5 'volts so these gates operate 
as negators. The outputs of the negators 140‘ through 149 
are directly connected to the A inputs of a further set of 
nand gates 150 through 159, respectively. A further set 
of nand gates 160 through 169 inclusive, have their out 
puts connected, respectively, to the B inputs of the nand 
gates 150 through 159. The A inputs of the nand gates 
160 through 169 are all connected to positive 4.5 volts. 
The B inputs of these gates are all connected together 
and to the output of the nand gate 114a previously 
mentioned. 

It may be seen that the 20 inputs to the coincidence 
switches are all negated and fed into the nand gates 150 
through 159. Any of these nand gates 150 through 159 
will deliver an output signal if there is coincidence be 
tween its A and B input signal. Any data applied to the 
common inputs B of the gates 160 through 169 can be 
shifted to any of the ten outputs of gates 150‘ through 
159 by applying a signal to the proper input terminals 
130 through 139. 
The nand gates 150 through 159 provide output sig 

nals on conductors 170 through 179, with conductors 
170 through 175 providing a signal into relay driver 
stages (FIGURE 3i). Nine output lines 171 through 179 
are summed in the expandable nor gate 117. The con 
ductors 171, 172, 173, and 174 are connected to the input 
gates A, B, C, and D of the nor gate 117, and the other 
?ve output conductors are connected to the expandable 
gate through individual diodes. The output from nand 
gate 150 is also connected by the conductor 170 through 
a negator 181 and a conductor 182 to the counter input 
81a of the type counter 183 in FIGURE 3d. 
The reset input of bell silencer ?ip-?op 82 receives 

a signal on a conductor 115 which proceeds from the 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

65 

70 

10 
output of a negator 116 driven :by nand gate 117. The set 
input of the ?ip-?op is connected to the output of gate 
150. The output Q of the bell silencer ?ip-?op ‘82 is con 
nected through a negator 120 to the ‘base of a transistor 
121. The collector electrode of transistor 121 is con 
nected through a relay coil 122 to a positive potential 
source. 

TYPE AND ROUND COUNTERS 

Turning now to FIGURE 3a’ there is disclosed a type 
counter 183 and a round counter 184. These counters are 
identical in construction with the shift counter which was 
disclosed in detail in connection with FIGURE 3c; and 
therefore, the type and the round counter are shown in 
simpli?ed form. The identifying numerals of the type 
counter follow those of the shift counter except that a 
suf?x a is added and to the round counter identifying 
numerals, a suf?x b is added. As described above, the 
type counter input 81a receives its counter input by way 
of a conductor 182, negator 181, conductor 170, and 
nand gate 150 of the coincidence switch 1. The outputs 
M, V, W, and X are not used. All of the counter outputs 
are connected into the decoder matrix. ‘Output N is con» 
nected by way of a conductor 131a to input A of an 
expandable nor gate 185 in the decoder matrix (FIG 
URE 3f). Output P is connected by conductor 132a to 
input B of the nor gate 185. Output R is connected by 
a conductor 133a to input C of nor gate 185. Output S is 
connected by conductor 134a to the input D of the nor 
gate 185. Output T is connected by conductor 135a to the 
eX-pandable gate E of nor gate 185. Finally, output U is 
connected by a conductor 136a to a negator 186 in the 
decoder matrix. 

In the round counter 184, the input line ‘81b provides 
a counter input from the round timer ?ip-?op 66a. Out 
puts M, V, W, and X are not used. As in the case of the 
type counter, all of the counter outputs are connected 
into the decoder matrix of FIGURE 3]‘. Output N of the 
round counter is connected by a conductor 131b through 
negator 187 to the input of nand gate 196. Output P is 
connected by a conductor 132b to the A input of a nor 
gate 190. Output R is connected by a conductor 133b to 
input A of a nor gate 191. Output S is connected by a 
conductor 13411 to the B input of nor gate 191. Output T 
is connected by a conductor 135b to the B input of the 
nor gate 190. Finally, output U is connected by a con 
ductor 136b to the C input on the nor gate 190. 

DECODER ‘MATRIX 

In FIGURE 3)‘ there is disclosed a decoder matrix 
which evaluates the intelligence received from the type 
counter and from the round counter to provide an output 
which determines the “condition” being transmitted. The 
data which is stored in the type counter and in the round 
counter is decoded by the decoder matrix and is coupled 
into the condition counter by way of the coincidence 
switch 2. 

In addition to the input gates of the decoder matrix 
which have been mentioned previously, that is, gates 185, 
186,187, 190‘ and 191, there are also two additional 
two~input nor gates 192 and 193 and a negator 194. The 
conductor 131a which represents a type count of 1, is 
connected to the B input of nor gate 193 as well as to the 
input A of the expandable nor gate 185, Conductor 132a 
(type count 2) is connected through negator 194 to the 
A input of nand gate 201 as well as to the B input of the 
nor gate 185. The conductor 133a (type count 3) is con 
nected to the A input of nor gate 193 as well as to the 
C input of nor gate 185. Conductor 1314a (type count 4) 
is connected to the A input of nor gate 192 as well as to 
the D input of nor gate 185. The conductor 135a (type 
count 5) is connected to the B input of nor gate 192 as 
well as to the expandable gate E of nor gate 185. 

Considering now the three inputs into nor gate 190 
from the round counter, it will be seen that conductor 
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132b represents two rounds, conductor 1351; represents 
?ve rounds, and conductor 136b represents six rounds 
as stored in the round counter. Thus the outputs from the 
round counter which represent a restoration condition, 
that is, two, ?ve or six rounds, are coupled into nor gate 
190. The negator 1‘87 accepts the one-round output of 
the round counter which indicates a trouble condition. 
The nor gate 191 accepts the three-round and four-round 
outputs of the round counter, three and four rounds in 
dicating a security or emergency alarm condition. 
The output from negator 187 (representing round count 

1) is directly connected by a conductor 195 to the input 
A of a two-input nand gate 196, the input A of the three 
input nand gate 52 and to the A input of a two-input nand 
gate 197. The output of the nor gate 190 is connected to 
the A input of a two-input nand gate 200. The output of 
the nor gate 191 is connected to the B input of a nand gate 
201 and to the B input of a two-input nand gate 202. The 
output of nor gate 192 is directly connected to the input 
A of the nand gate 202. The output of the nor gate 193 
is directly connected to the B output of the three-input 
nand gate 52. The output of the negator 186 (type count 
6) is connected to the input B of nand gate 197. 
At this point it is well to recall that the type counter 

is arranged to provide outputs from one to six, that a 
count of one indicates ?re, a count two indicates super 
visory, a count three indicates water?ow, a count four 
indicates security, a count ?ve indicates emergency, and 
a count six indicates watchman. All of these type outputs 
are connected into the decoder matrix and it will be 
noted that type six is unique in that it is not connected 
to the expandable gate 185 as are the other ?ve. The type 
outputs one and three representing ?re, and water?ow are 
connected to the nor gate 193. The two-output of the 
type counter is connected to the nand gate 201 and the 
four and ?ve outputs are connected to the nor gate 192. 
The output of nand gate 200 (which represents resto 

ration with any transmitter type but watchman) is con 
nected by a conductor 203 to the input D of an ex 
pandable nor gate 204 and is also connected to the input 
A of a nand gate 143a in the coincidence switch 2. A sig 
nal on this line sets the coincidence switch to a three. The 
output of the nand gate 196 (which represents trouble 
with any transmitter type but watchman) is connected by 
a conductor 205 to input C of the nor gate 204 and also 
to the input A of nand gate 142a of the coincidence 
switch 2. A signal on this line sets the coincidence switch 
to a two. The output of the nand gate 201 (which repre 
sents abnormal coincident with supervisory) is connected 
by a conductor 206 to the B input of nor gate 204 and 
also to the A input of a nand gate 144a of the coincidence 
switch 2. A signal on this line sets the coincidence switch 
to a four. The output of the nand gate 197 (which repre 
sents tour coincident with watchman) is connected by a 
conductor 207 to the expander input E of the nor gate ' 
204 and also to the input A of a nand gate 145a and 
the coincidence switch 2. A signal on this line sets the 
coincidence switch to a ?ve. 
The output of the nand gate 202 (which represents 

alarm coincident with security or emergency) is directly 
connected to the A input of a nor gate 210 while the 
output of nand gate 52 (which represents also alarm but 
coincident with ?re or water?ow) is directly connected 
to the B input thereof. The output of nor gate 210 is 
coupled through a negator 211 and a conductor 212 to 
the input A of the nor gate 204 and also to the A input 
of nand gate 141a of the coincidence switch 2. A signal 
on this line sets the coincidence switch to a l. 
The nor gate 204 provided an output on a conductor 

213 to the input B of the four-input nand gate 101 in the 
coincidence switch 2 (FIGURE 3h). The output of nor 
gate 204 is also connected by a conductor 213a through a 
negator 214 to the input A of the nand gate 102 in FIG 
URE 3g to provide inhibit signal to the nand gate when 
false information exists. 
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CONDITION COUNTER 

The condition counter 215 (FIGURE 3f) is identical 
in construction ‘with the shift counter described in con 
nection with FIGURE 30 and carries the same identifying 
input terminal and output terminal numerals; however, 
the numerals include a su?ix c. The condition counter in 
put 810 receives its signal on a conductor 216 through a 
negator 217 which is directly coupled to receive the out 
put of the nand gate 101 in the coincidence switch 2 
(FIGURE 3h). The ten outputs of the condition counter 
are connected by conductors 1300 through 1390 to the A 
inputs of nand gates 160:: through 169a of the coincidence 
switch 2. The B inputs of the nand gates 160a through 
169a are all connected together to a positive 41/2 volt 
source whereby these gates operate as negators. 

COINCIDENCE SWITCH 2 

The coincidence switch 2 shown in FIGURE 311 is used 
in connection with the decoder matrix and the condition 
counter and performs as a comparator. This coincidence 
switch 2 may be identical in construction with the co 
incidence switch 1 described above in connection with 
FIGURE 3e. In coincidence switch 2 the same identifying 
numerals, but including a su?ix a, are used as in the earlier 
described coincidence switch. The input gates 141a through 
145a receive inputs from the outputs of the decoder 
matrix. The input gates 160:: through 169a receive the 
output from the condition counter 215. Coincidence of 
these signals is determined by the nand gates 150a through 
159a. The outputs from all these gates are summed in the 
expandable nor gate 117a. The output of nor gate 117a 
is fed through negator 116a and directly to input A of the 
nand gate 101. The output from the nand gate 101 is 
directly coupled through the negator 217 and by the con 
ductor 216 to the condition counter to provide the counter 
input pulses. The output of the nand gate 101 is also 
connected by a conductor 220 to provide the proper num 
ber of “condition” input pulses into the relay driver (FIG 
URE 3i). The output from the negator 116a in addition 
to being directly connected into nand gate 101 is also con 
nected by a conductor 221 to the B input of a nor gate 
219 of FIGURE 3g. Thus, the output of the coincidence 
switch 2 sends a “stop” signal to the condition counter 
on lead 216, provides the “condition” signal into the relay 
driver by conductor 220 and provides a “start” signal to 
the print mechanism ‘by way of the conductor 221. 

PRINT, RESET, AND PAPER ADVANCE 
In FIGURE 3g there is disclosed the logic diagram for 

the print, reset, and paper advance; and this unit provides 
for all of the functions such as printing out the informa 
tion, advancing the paper to allow the last print to ‘be visi 
ble in the viewing window of the printer, and resetting the 
logic and the printer. The print, reset, and paper advance 
unit employs a conventional unijunction transistor timing 
element 222, which is designed to have a time period of 
120 milliseconds. The output of the timer 222 is fed 
through a negator 223 to the input of a counter 224. A 
?ip-?op 225 has an output Q which is connected through 
two diodes 226 to the input of the unijunction timing ele 
ment. The state of the ?ip-?op 225 determines whether the 
unijunction timing element is operating; that is, when the 
Q output is zero, the capacitor in the unijunction timing 
element is prevented from charging and no output pulses 
are generated. 
The output of the nor gate 219 mentioned previously, is 

connected through a negator 227 and a pulse capacitor 230 
to the set input of the ?ip-?op 225. 
The automatic reset is brought into the logic from the 

interface, FIGURE 3a, on the conductor 34 and is con 
nected to the set input of the RS ?ip-?op 231. This con 
ductor 34 is also connected to the A input of a nor gate 
232, the output of which is fed through negator 233 to the 
A input of the nor gate 219. The false information reset 
is brought into this logic on the line 213a from the de 














